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and soil moisture, and between equilibrium and transient responses of the
climate system as a whole or its components. These uses of observational
studies are discussed more extensively in the section Observational Studies
of Contemporary and Past Climates.

MODEL STUDIES

Numerical Experiments with Climate Models

Mathematical models of climate with a wide range of complexity have been
used to estimate climate changes resulting from an increase in CO2 concen-
tration in the atmosphere. These models include not only 1-D RC models but
also comprehensive GCM'S of the joint ocean-atmosphere system.

Two kinds of numerical experiments have been conducted by use of climate
models. An experiment of the first kind may be called a "CO2 transient
response experiment," which seeks to investigate the temporal variation of
climate caused by a continuous increase of CO2 concentration in the
atmosphere. Starting from an equilibrium climate of a model with a normal
CO2 concentration, a climate model is time-integrated with a prescribed CO2
concentration as a function of time.

One of the key factors that control the transient response of the model
climate is the thermal inertia of the oceans. Unfortunately, GCM'S of the joint
ocean-atmosphere system are still in an early stage of development. A few
studies of CO2 transient response experiments have begun to appear in the
literature and are the subject of discussion in the section Role of the Oceans.

An experiment of the second kind may be called a "C02-climate equilibrium
sensitivity experiment.'" It evaluates the total equilibrium response of the
climate to a given increase of CO2 concentration by examining the difference
between a model climate with normal CO2 concentration and another model
climate with an above-normal concentration.

In the following subsections, predictions of C02-induced climate changes
based on the results from the several numerical experiments of the second
kind, i.e., CO2-climate sensitivity experiments, are reviewed.

Global-Average Response

Temperature. On the basis of comparative assessment of the results from the
wide varieties of climate models, the Charney report estimated the equilibrium
global surface warming resulting from the doubling of CO, concentration to